In this paper we explore the RR interval signal to detect arrhythmic segments in electrocardiograms (ECC) using non-linear analysis. Initially, the RR interval signal is extracted and it is segmented into small segments. Linear (standard deviation), spectral (total energy) and non-linear (approximated entropy and normalized entropy) characteristics are extracted for each segment. Time-frequency analysis is used for the calculotion of the total energy. These characteristics are fed into a neural network to classij51 each segment as normal or arrhythmic.
Introduction
An arrhythmia is a collective term for any cardiac rhythm that deviates 60m normal sinus rhythm. Arrhythmia may be due to a disturbance in impulse formation or conduction, or both. Thus, arrhythma is a general term for abnormal impulse formation or conduction, but not a synonym for irregular heart activity. Impulse formation may be sinus or ectopic, the rhythm regular or irregular and the heart rate fast, normal or slow In this paper we propose an arrhythmic segment detection method based on the non-linear analysis of the RR interval signal. Initially, the RR interval signal is extracted from ECG recordings and it is segmented into small segments. Linear (standard deviation), spectral (total energy) and non-linear (approximated entropy and normalized entropy) characteristics are extracted for each segment. Time-frequency analysis is used for the calculation of the total energy and the power of the segment, used for the NormEn calculation. These characteristics are fed into a neural network, which classifies the segment as normal or arrhythmic.
Materials and methods
The proposed method includes three stages: (a) preprocessing, (b) feature extraction and (c) arrhythmic segment detection. The energy of the segment is calculated using 
Dataset
The MIT-BIH arrhythnua database is used for the 6, 13 and 19, which are 5%, 10% and 15% of 128, also used as n values).
Results
The sensitivity and specificity for arrhyihmic segment detection are defined as follows: Receiver operating characteristic (ROC) curves are computed for all segment sizes and n values. Selected ROC curves are shown in Fig. 1 . The area under curve (AUC) marker is calculated. Selected results are presented in Table 2 . 
Discussion and conclusions
We have proposed an approach to detect arrhythmic segments in ECG recordings, using the RR interval signal, which can be easily extracted. Non-linear features are used for the classification of arrhythmic segments.
The method is limited to detect only the arrhythmic segments that contain certain types of arrhythmia that disturb the RR interval signal.
The results for sensitivity and specificity indicate that the detection is better when small segments (16 and 32 RR intervals) are used. This can be easily explained because if the RR interval segment contains few arrhythmic RR intervals and it is very large, it is more difficult to be detected. Also the value of n determines the detail of the detection; if n has small value then the RR interval segment is classified as arrhythmic for even few arrhythmic classified RR intervals in it. It is clear that as the n value increases the results for sensitivity decrease but specificity increases, meaning that less, but more accurate, arrhythmic segments are detected.
The method is advantageous, compared to other approaches in the literature because: (a) it uses only the RR interval signal, which can be extracted with high accuracy even for noisy or complicated ECG recordings; (b) it performs in real time, and it is limited only by the segment length &e. the 16 RR interval length must be completed before the detection starts); (c) it is not limited to only few types of arrhythmias but detects all types included in the MIT-EM arrhythmia database.
